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Abstract 
ABSTRACT 
Preliminary plant design of ethanol by fermentation method is feasible to be 
build technically and economically. . 
TIle Process specification is as follow: 
The raw material, straw, is fermented in the fermentor resulting ethanol product is 
separated and purified in distilation column. 
Process 
Operational 
Capacity 
Products 
: Fermentation 
: 24 hours/day, 330 days/year 
: 20000 liter/day 
: Ethanol 95% weight 
Crude Xilytol 
Raw Materials : straw 
Utilities : Water 
= 124500 kg/day 
= 418.6254 Ill3/day 
= 83.4680 kg/day Steam 
Location : Sidoarjo, East Java 
Economic Analysis: 
Total Capital Investment (TCI) 
Own Investment 
: Rp. 134.859.656.034,23 
: Rp. 278.092.642,76 
Total Production Cost (TPC) 
Annual Sales 
: Rp. 72.162.1 13.048,01 
Gross Earning 
Net Earning 
: Rp. 106.127.054.060,00 
: Rp. 33.964.941.011,99 
: Rp. 23.784.208.708,40 
1. Linear Method 
Rate of Retum on Investment before taxes 
Rate ofRetum on Investment after taxes 
Pay Out Time before taxes 
Pay Out Time after taxes 
Break Even Point 
2. Discounted Cash Flow Method 
Rate of Return on I.westment before taxes 
Rate ofRetum on Investment after taxes 
Rate of Return on Equity before taxes 
Rate ofRetum on Equity after taxes 
Pay Out Time before taxes 
Pay Out Time after taxes 
Widya Mandala Catholic University Surabaya 
: 25.13 % 
: 17.59 % 
: 4 years 
: 5.88 year 
: 43.45 % 
: 20.5% 
: 14.5 % 
: 31.6 % 
: 14.6 % 
: 4 year 5 months 
: 5 year 4 months 
x 
intisari 
INTISARI 
Pra reneana pabrik Ethanol dengan proses fennentasi layak didirikan 
secara teknis maupun ekonomis. Spesifikasi proses yang dilakukan ditunjukkan 
dibawah ini : 
Uraian Proses: 
Bahan baku berupa Jerami difennentasi dalam tabtwg fennentor sehiugga 
menghasilkan produk berupa Ethanol dan Xilitol. Produk yang terbentuk 
kemudian dipisahkan dan dimurnikan dalam menara destilasi. 
Operasi: 
Rencana operasi 
Jenis proses 
Prod uk 
: Semi kontinyu 24 jam per hari, 330 hari per tahun 
: Fennentasi 
: Ethanol 95% berat dengan produk samping 
XilitoI. 
Bahan Baku 
Utilitas 
Lokasi Pabrik 
Bentuk Perusahaan 
Analisa Ekonomi : 
Modal Tetap (FCI) 
Modal Kerja (WCI) 
Investasi Total (TCI) 
Biaya Produksi (TPC) 
Penjualan per tahun 
Laba sebelum pajak 
Laba sesudah pajak 
Titik Impas (BEP) 
Metode Linear: 
: Jerami = 124500 kglhari 
: Air = 418,6254 m} Ihari 
Steam =83,4680 1ll1lbatch 
: Pasuruan, Jawa Timur 
: Perseroan Terbatas (PT) 
: Rp. 134.859.656.034,23 
: Rp.278.092.642,76 
: Rp. 135.137.748.676,99 
: Rp. 72.162.113.048,01 
: Rp.106.127.054.060,00 
: Rp.33.964.941.011,99 
: Rp. 23.784.208.708,40 
: 43.4516 % 
Laju Pengembalian Modal sebelwn pajak (ROR) 
Laju Pengembalian Modal sesudah pajak (ROR) 
Waktu Pengembalian Modal sebelwn pajak (POT) 
Waktu Pengembalian Modal sesudah pajak (POT) 
Metode Discounted Cash Flow: 
Laju Pengembalian Modal sebelwn pajak (ROR) 
Laju Pengembalian Modal sesudah pajak (ROR) 
: 25.13 % 
: 17.59 % 
: 4 tahun 
: 5,88tahun 
: 20,5% 
: 14,5% 
: 31,6 % 
: 14,6% 
Laju Pengembalian Modal Sendiri sebelum pajak (ROE) 
Laju Pengembalian Modal Sendiri sesudah pajak (ROE) 
Waktu Pengembalian Modal sebelum pajak (POT) 
Waktu Pengembalian Modal sesudah pajak (POT) 
: 4 tahun 5 bulan 
: 5 tahun 4 bulan 
Universitas Katolik Widya Mandala Surabaya v 
Daltar lsi 
DAFfARISI 
Halaman Judul ....................................................... , ........... . 
Halaman Pengesahan .......................................................... " Jl 
Lembar Pemyataan ............................................................. ,. III 
Kata Pengantar ............. " .. , '" ............. , .................... , .... '" ... .. v 
Intisari ............. , .................... , ... .. . . .. ... ... . . . ... . . .. ... ... ... ... . . . . . . . Vl 
Daftar lsi ...... '" ., .. , .......... " ..... , ......................................... ,. VlI 
Daftar Tabel ....................................... '" ............ '" .,. ... ... ... ... x 
Daftar Gambar ...... '" .... , ............... , ......................... ,. ... . .. ... .. . Xl 
BAB 1. PENDAHULUAN .......... , .................... ,. '" ..... , ... ... ... .... I-I 
1.1 Lata! Belakang ............................................ , ............. I-I 
1.2 Perkembangan Industri Ethanol... ... ... ... .... ... ... ........ ... ... ... I-I 
1.3 Definisi dan Kegunaan Ethanol ..... , .................... , .. , ... ... ... 1-2 
1.4 Sifat Fisik dan Kimia................................................... 1-2 
I.4.1.Sifat Fisika dan Kimia Ethanol.. .......... '" ... ... ... ... ... .... I-2 
I.4.2.Sifat Fisika dan Kimia Xylitol... ... ... ... ... ... ... ... ... ... ..... 1-5 
1.4.3. Sifat Fisika Diamonium Phospat... ..... , ... ... ... ... ... ... ..... 1-5 
I.4.4.Sifat Fisika Urea ...................................... , ... ... ... ... 1-6 
I.4.5.Sifat Fisika Jerami... ... ... ......... ... ... ... ... ... ... ... ...... ... I-6 
1.4.6.Sifat Fisika yeast............................................. ..... 1-7 
IA.7.Sifat Fisika Asam SuIfat... ............ .................. ......... 1-7 
I.4.8.Sifat Fisika Antifoam........................ .................. ... I-8 
I.5.Konsumsi dan Produksi Ethanol...................................... 1-8 
r. 6. Kapasitas Pabrik ............................................ , ... ... .. . .. 1-10 
BAB n. SELEKSI DAN URAIAN PROSES ................................... ll-l 
II. I Seleksi Proses ............................................. , ... ... ... ... II-I 
II. 2 Uraian Proses ................ '" ..... , .................... , '" ... ... ... Il-3 
BAB III. NERACA MASSA ............ '" ........................ ' .......... " III-I 
BAB IV. NERACA PANAS... .................................................. IV-I 
BAB V. SPESIFlKASI ALAT ... ............... ............ .................... V-I 
Universitas Katolik Widya Mandala Surabaya VJl 
Daftar lsi 
BAB VI. UTILITAS ..... , '" ........ , '" ........ , .......... ,. ... ... ... ... ... .... VI-I 
VI. I Unit Penyediaan Air ....... ... ... ... ... ... ... ... ... ..... ... ... ... ... VIol 
VI.1.AirProses .......................................................... VIol 
VI.2.Air Pendingin ........ , '" ........ , ..... , ................. , ... '" ... VI-2 
V1.3.Air Umpan Boiler .................. '" ., ....... '" ... ... ... ... ... VI-3 
VIA.Air Sanitasi ...................... , ... '" ......... '" ... ... ... ... .... VI-7 
VI. 2. Unit Penyediaan Listrik ...................... ,. ... ................. VI-24 
VI. 3. Unit Penyedia Bahan Bakar ............................. , ....... VI-25 
BAB VII. LOKASI, LAYOUT P ABRIK DAN INSTRUMENT ASI 
PERALATAN ................... ...... ... ..................... ........ VII-I 
VII. 1. l.Penentuan Lokasi Pabrik ......... '" .......... '" .,. ... ... ... .... VII-l 
VII 1.1 Faktor Utama ........................... '" ......... '" .... VII-l 
VII. 1.2 Faktor Khusus ...... '" ... ... ... ..... ...... ... ............. VII-2 
VII. 2 Plant Lay Out ...... '" .,. '" ....... ,. '" ....... , ........... ,. ... ..... VII-3 
VII. 3 Instrumentasi Peralatan ........................... '" ..... , ...... ... VII-5 
BAB VIII. ANALISA EKONOMI ............... '" ......... '" ......... '" ... VIII-l 
VIII. 1 Penentuan Total Capital Investment... ................ , .... '" ... VIII-2 
VIII. 1.1 .Perhitungan Modal Tetap ......... '" ............... ". ... VIII-2 
VIII. 1.2 .Perhitungan Modal Kerja ... '" ....... ,. '" .................. VIII-2 
VIII. 2 .Perhitungan Biaya Produksi TotaL ....... , .... '" .... , .......... VIII-3 
VIII. 2.1 Biaya Pembuatan ............................................. VIII-3 
VIII. 2.2 General Expenses '" ......... '" ......... '" ................. VIII-4 
VIII. 3 Analisa Ekonomi Metode Linier ... '" ......... '" ......... '" .... VIlI-4 
VIII. 3.1. Laju Pengembalian Modal(ROR) .......................... VIII-5 
VIII. 3.2 Waktu Pengembalian Modal (POT) ....................... VIJI-5 
VIII. 3.3.Perhitungan Titik Impas(BEP) ......... '" ... ... ... ... ... . VIII-6 
VIII. 4.Analisa Ekonomi Metode Discounted Cash Flow .... , ......... VIII-7 
VIII. 4.1. Asumsi yang Diambil... ... '" ........ , ... ... ... ... ... ..... . VIII-7 
VIII. 4.2. Biaya Operasi .......................... , ..................... VIII-7 
VIII. 4.3. Investasi Pabrik... ... ... ... ... ... ... ... ... ... ... ... ... ... ... VUI-8 
VIII. 4.4. Cash Flow ................................. '" ... ... ... ... ... VIlI-9 
Universitas Katolik Widya Mandala Surabaya viii 
Daftar lsi 
VIII. 4.5. Rate on Equity(ROE) .......................... , ... ... ..... VIII-IO 
VIII. 4.6. Laju Pengembalian Modal(ROR) .............. , ....... ,. VIII-I 2 
VIII. 4.7. Waktu Pengembalian ModaJ(POT) .......... ,. ... ... ... VIII-13 
VIII. 4.8. Break Even Point(BEP) .................... , .. , ......... . 
BAB IX. DISKUSI DAN KESIMPULAN ...... '" ............ '" .... : ..... . 
IX. I Diskusi ................................. '" '" ............... : ....... . 
VIII-14 
IX-I 
IX-I 
IX.2 Ksempulan .... " .................... , ... '" ... ... ... ... ... ... ... ... .. IX -2 
Daftar Pustaka ....................................... '" ... ... ... ... .. . .. . ... .. ... XlI 
Lampiran A........................................................................ A-I 
Lampiran B ........... , ..... , ..................... '" ... ... ... ... ... ... ... ... ... ... B-t 
Lampiran C ....................................................................... , C-I 
Lampiran D ...................................... , ............................. , ... D-l 
Universitas Katolik Widya Mandala Surabaya ix 
Daftar rabel 
DAFTAR TABEL 
Tabel 1. I. Sifat-sifat fisika ethanol... '" ............. ,. ... ... ... ... ... ... ... ... 1-3 
Tabe] 1.2. Spesifikasi ethanol... ., .. ,. ... ... ... ... ... ... ... ... ... ... ... ... .. . ... 1-4 
Tabel I.3. Kapasitas Produksi Ethanol Tabun 1997-2001 di Indonesia... 1-9 
Tabel 1.4. Import Ethanol Tabun 1996-2000 di Indonesia... ... ... ... ... ... 1-9 
Tabel 1.5. Pertumbuhan Ekspor Ethanol Tabun 1994-1998... ... ... ........ 1-10 
Tabe1.VI.1. Kebutuhan air proses ... '" ... '" ............................. , ..... VIol 
Tabel. VI.2. Kebutuhan uap air dengan suhu 110°C ....... , ............ , ..... VI-5 
Tabel. V1.3. Kebutuhan listrik untuk keperluan proses .... , ... , ... ....... .... VI-24 
Tabe1.VL4. Kebutuhan listrik untuk keperluan utilitas ....... , ........ ,. .... VI-25 
Tabel.VI.5. Kebutuhan listrik untuk keperluan penerangan ................. VI-25 
Tabel. VII. I. Perencanaan pembagian areal pabrik ......... '" '" ... '" .. , ... VII-5 
TabeI.VIII.1. Modal Sendiri ...................................... , .............. VIlI·8 
Tabel.VIII.2. Modal Pinjaman Bank ....... , .................... ,. ... ... ... .... VIU-8 
Tabel. VIII. 3. Cash Flow .......... ,. ... ... ... ... ... ... ... ... .... ... ... ... ... ..... VlII-9 
Tabel.VlII.4. ROE Sebelum Pajak .................... , ..................... '" VIII-II 
TabelVI1I.S. ROE Sesudah Pajak ........................................ ,. ... VIn·]] 
TabeLVllI.6. ROR Sebelum Pajak.................. ...... ...... ... ... ... ...... VlIl-12 
TabeI.VlII.7. ROR Sesudah Pajak............................................. VlII·13 
Tabel.VIII.8. POT Sebelurn Pajak ............................... ,. ......... ... VIII-14 
Tabel.VIII.9. POT SesudahPajak .............................................. VlU-I4 
Tabel. VIII. 10. BEP dengan cash flow ... '" .. . ... ... ... ... ... ... ... ... ... ... .. VIII ·14 
Tabe1.A.1.Komposisi Jerami .................................................... A-I 
Tabel.B.l.Data Hv,Cp ................................... , .... " ... ... ... ....... .. B-5 
Tabel.D.1.Harga peralatan proses ........... , .......... " ... ... ... ... ... .... ... D-2 
Tabel.D.2.Harga peralatan utilitas .............. , ................. , ... ... ... ... D-3 
Universitas Katolik Widya Mandala Surabaya x 
Daftar Gambar 
DAFTAR GAMBAR 
Gambar.VI.1.Tata Letak Peralatan Utiiitas .................................... VI-22 
Gambar. VII.]. Tata Letak Pabrik .............. , ............................. , ... VIP 
Gambar.VII.2.Tata Letak Peralatan ............................................. VII-9 
Universitas Katolik Widya Mandala Surabaya x 
